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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte secondary battery 
capable of suppressing an internal pressure of a battery to a low level in the case where 
the battery is left at high temperature without deteriorating battery characteristics such as 
a battery capacity and high rate charge/discharge characteristics. 
SOLUTION: In a nonaqueous electrolyte secondary battery provided with a positive 
electrode including mainly a lithium containing transition metal oxidean oxide selected 
from among SrOCaOBaO and MgO is disposed in the form of a solid such as powder or 
a molding inside a battery system in such a manner as not to be directly brought into 
contact with the electrode and an electrolyteand a carbon dioxide produced inside the 
battery is reacted with the above oxide to produce carbonatethus preventing any increase 
in the internal pressure of the battery. 



CLAIMS 



[Claim(s)] 

[Claim l]An anode which makes a lithium containing transition metal oxide a subject. 
A negative electrode which uses lithium as an active material. 
Nonaqueous electrolyte. 

It is the nonaqueous electrolyte secondary battery provided with the abovelt has arranged 
so that an electrode and an electrolysis solution may not carry out direct contact of at 
least one oxide chosen from a group of SrOCaOBaOand MgO which react to the carbon 
dioxide emitted in a fuel cell subsystemand can generate carbonate in the state of 
solidssuch as powder or a molding body. 

[Claim 2]The nonaqueous electrolyte secondary battery according to claim 1 which made 



an addition of an oxide 0.04 millimols - 0.20 millimol per 1 g of positive active material. 
[Claim 3]The nonaqueous electrolyte secondary battery according to claim 1 which set an 
oxide to SrO. 

[Claim 4]The nonaqueous electrolyte secondary battery according to claim 1 which a 
lithium containing transition metal oxide made LiNii_ x M x 02 (howevereither M=CoAl or 
Mn or B is usedand referred to as 0<=x<=0.3). 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to improvement of the high temperature 

conservation characteristic of a nonaqueous electrolyte secondary battery. 

[0002] 

[Description of the Prior Art]In recent yearsportable-izing of electronic equipment and 
cordless making are progressing quicklyand requests on the small size which bears these 
power supplies for a driveand the cell which is lightweight and has high energy density 
are mounting. From such a viewpoint as a nonaqueous secondary battery and a cell by 
which a rechargeable lithium-ion battery especially has high tension and high energy 
densitylt results in the existence which replaces the nickel-ccadomium battery or nickel 
hydoride battery of an alkaline aqueous solution system which occupied the mainstream 
till then centering on a notebook computera cellular phone AV equipmentetc.and big 
growth continues to be expected. 

[0003 ]No was for the rechargeable lithium-ion battery put in practical usethe fuel cell 
subsystem using the carbon material which carries out occlusion of the lithium to a 
negative electrode or for which lithium containing transition metal oxidessuch as 
LiCo0 2 may be emitted to positive active material is marketed. In such a fuel cell 
subsystema lithium ion deintercalates from an anode at the time of chargeand a charge 
reaction is completed by intercalating into carbon which is a negative electrode. A 
reaction contrary to a charge reaction advances and a discharge reaction completes 
discharge because the lithium ion deintercalated from the carbon negative electrode 
returns into positive active material. When positive active material is Lii_ x Co02 
(howeverreferred to as 0<=x<=1.0)the number of reaction electrons of the lithium which 
can be deintercalated at the time of charge is about x= 0.5 electronsand if it converts into 
the amount of anode specific volumeit will become about 130 mAh/g. Howeversince 
LiCoC>2 is in a 4.3Vvs.Li/Li+ grade and high potential in the state of full charge and 
lithium of x= 0.5 is deintercalatedthe crystal structure is in a very unstable state. When 
the cell of such a charging state is neglected to an elevated temperature (45 ** - about 85 
**)the characteristic degradation of positive active material not only happeningbut 
disassembling the organic solvent in an electrolysis solution and being accompanied by 
the generation of gassince it is labile is known. 

[0004]Generallywith a rechargeable lithium-ion batterywhen inter cell pressure exceeds a 
fixed value for the safety reservation at the time of overchargethe security apparatus 
established in the obturation board operatesand the safe structure of intercepting the 
current from the outside is used in many cases. Howeverwhen the above cells are 



neglected to an elevated temperature and gas is emitted so muchthe security apparatus 
may operate and the function as a cell may be lost. Thenin order to reconcile the safety 
reservation at the time of the reliability in elevated-temperature neglect of a celland 
overchargeit is required that the security apparatus which operates with the internal 
pressure of the fixed range established in the obturation board should be controlled 
strictly. On the other handthe trial which controls the gas yield in elevated-temperature 
neglect to the minimum is madethe physical properties of the positive electrode material 
were controlledand using an electrolysis solution with good reducing reactivity and 
withstand voltage characteristic has been proposed. 

[0005]Some of L1MO2 and nickel elements recently as positive active material which 
replaces LiCoC>2 towards the further high-capacity-izing of a rechargeable lithium-ion 
battery Other elementsFor examplethe solid solution replaced by CoAlor Mn or B is 
proposed (for examplerefer to JP6-60887A)and the development is progressing. Since the 
lithium volume which can be deintercalated at the time of charge is large and the amount 
of specific volume of 180 mAh/g - 200 mAh/g is obtainedthe expectation of LiNi02 is 
greatbut. In a charging statea crystal structure is still more unstable than LiCo02and since 
it is labileto control the generation of gas at the time of elevated-temperature neglect is 
needed further. 
[0006] 

[Problem(s) to be Solved by the InventionJAs mentioned abovewhen elevated- 
temperature neglect of the nonaqueous electrolyte secondary battery which used the 
lithium containing transition metal oxide for positive active material is carried out by a 
charging statelnter cell pressure may go up by the generation of gas accompanying 
disassembly of an electrolysis solutionand the fault of intercepting current by the 
operation of a security apparatus may happenln order to avoid thisthe material physical 
properties of positive active material were controlledand the trial which reduces the 
specific surface area of a granular material and an electrodeand the trial which chooses an 
electrolysis solution with little generation of gas were carried out. Howeverif such 
measures are takenmany cases will bring about the fall of cell capacitythe fall of a high 
charging and discharging characteristicetc.and will become difficult [ it / to pull out a 
satisfying battery characteristic ]. 

[0007]Thenthis invention solves the above problems and it aims at providing the 
nonaqueous electrolyte secondary battery which controls low the inter cell pressure at the 
time of carrying out elevated-temperature neglect of the cellwithout spoiling battery 
characteristicssuch as cell capacity and a high charging and discharging characteristic. 
[0008] 

[Means for Solving the ProblemJIn a nonaqueous electrolyte secondary battery provided 
with an anode in which this invention makes a lithium containing transition metal oxide a 
subject in order to solve the above-mentioned technical problema negative electrode 
which uses lithium as an active materialand nonaqueous electrolytelt is considered as a 
nonaqueous electrolyte secondary battery arranged so that an electrode and an 
electrolysis solution may not carry out direct contact of at least one oxide chosen from a 
group of SrOCaOBaOand MgO which react to the gas emitted in a fuel cell 
subsystemand can generate carbonate in the state of solidssuch as powder or a molding 
body. 

[0009]According to this inventionwhen a cell of a charging state is neglected by elevated 



temperatureit becomes possible to control a rise of inter cell pressure by gas emitted by 
disassembly of an electrolysis solution and an added oxide reactingand lessening gas. 
[0010]In order to prevent a rise of inter cell pressure by the generation of gas at the time 
of elevated-temperature neglectwithout causing a fall of a battery characteristicit is 
effective to prevent a rise of inter cell pressure by absorbing emitted gasbefore the 
security apparatus in an obturation board operates. 

[001 l]Thenas a result of conducting a component analysis of the gas first emittedit 
solved that most ingredients of gas were carbon dioxide. It solved that gas volume which 
originates in an anode as a source of release was dominant, when a cell was neglected at 
85 ** as a gas yieldgas volume increased in proportion to timea gas yield became about 1 
law from several hours in about 10 hoursand it turned out more that it does not generate. 
Soin this inventiona reaction is gently caused with carbon dioxide and suppose that it 
installs in a fuel cell subsystem so that a cell and an electrolysis solution may not carry 
out direct contact of the material which does not have an adverse effect on battery 
capacity. 

[00 12] As a resultit finds out that an effect of this invention is acquired by adding at least 
one oxide in a group of SrOCaOBaOand MgO as an oxide which generates carbonate. 
[00 13] Although improving the cycle characteristic of a cell by adding at least one or 
more kinds of oxides chosen from BaOMgOand CaOand mixing with an active material 
in an anode is indicated by JP7-153496AThis invention does not add in an anode at least 
one oxide chosen from SrOBaOMgOand CaOand is not mixedlt arranges so that direct 
contact of an electrode and the electrolysis solution may not be carried out in the state of 
solidssuch as powder or a molding bodyand both technical problems completely 
differtherefore arrangement forms of an oxide also differ. 

[00 14] Since these oxides react to carbon dioxide gentlygenerate carbonate and exist 
stably within a fuel cell subsystemthey do not cause a fall of battery capacity. About 
safety reservation at the time of overcharge described previouslypriority is given over the 
generation of gas by disassembly of an electrolysis solution at the time of 
overchargeoxygen evolution by disassembly of the positive active material itself 
happensand the reaction velocity is overwhelmingly quick compared with generation-of- 
gas speed at the time of elevated-temperature neglect. Thereforesince inter cell pressure 
will go up and the security apparatus will operatesafety to a surcharge is secured. 
[0015] 

[Embodiment of the Invention] Can carry out this invention with the gestalt indicated to 
each claimand like a statement to claim lln the nonaqueous electrolyte secondary battery 
provided with the anode which makes a lithium containing transition metal oxide a 
subjectthe negative electrode which uses lithium as an active materialand nonaqueous 
electrolyteBy arranging so that an electrode and an electrolysis solution may not carry out 
direct contact of at least one oxide chosen from the group of SrOCaOBaOand MgO 
which react to the carbon dioxide emitted in a fuel cell subsystemand can generate 
carbonate in the state of solidssuch as powder or a molding bodyWhen these oxides exist 
in a fuel cell subsystem apart from an anodea negative electrodeand an electrolysis 
solutionit reacts to the carbon dioxide emitted when elevated-temperature neglect of the 
cell is carried out. When SrO is taken for an exampleit reacts to carbon dioxide and 
SrC03 is generated. Generated SrC03 is inertness comparativelyexists stably within a fuel 
cell subsystemand does not have an adverse effect on a subsequent battery characteristic. 



[0016]These oxides are the easiest to usually arrange at the pars basilaris ossis occipitalis 
of an obturation board. When an example is given as a configuration methodthere are the 
method of arranging at the pars basilaris ossis occipitalis in an obturation board with the 
gestalt of a solidsuch as molding an oxide into powder or a pellet typeor mixing oxide 
powder with a binder and a solventand applying on a metallic foildryingand welding of 
an obturation boardetc. Of course as a configuration methodit is not restricted to theseand 
which method may be used if direct contact is not carried out to an electrode and an 
electrolysis solution. 

[0017]It is good to make into 0.04 millimols - 0.20 millimol quantity of the oxide 
according to claim 2 added like per 1 g of positive active material. 

[0018]That isas for the quantity of the oxide to addsince it depends for the quantity of the 
carbon dioxide emitted at the time of elevated-temperature neglect of a cell on the 
quantity of the positive active material with which it fills upit is preferred that they are 
0.04 millimols - 0.20 millimol per 1 g of positive active material. They are 0.06 millimols 
- 0.15 millimol more preferably. In less than 0.04 millimolsthe effect of this invention is 
not fully acquired and inter cell pressure cannot be controlled appropriately. On the other 
handit becomes difficult to arrange in the fuel cell subsystem which the volume which an 
oxide occupies becomes large and in which it has only the limited volume of voidswhen 
0.20 millimol is exceededand the direction of the speed of the inter-cell-pressure rise by 
the volume of voids having decreased becomes quickand is not more preferred than a gas 
absorption reaction. 

[0019]It is good to set to SrO the oxide according to claim 3 added like. That isthe 
absorptance of carbon dioxide has very large SrOand it is because it is the most desirable 
as an oxide used for this invention since the reactivity of generated SrC03 is low. 
[0020] When [ according to claim 4 ] a lithium containing transition metal oxide is LiNii_ 
X M X 02 (howevereither M=CoAl or Mn or B is usedand referred to as 0<=x<=0.3) likeit 
is possible to obtain high capacity. When the solid solution which the crystal structure of 
the charging state used as other elements a part of LiNi0 2 which is unstable and has 
many gas yields at the time of elevated-temperature neglectand its nickel elementand was 
replaced by either CoAl or Mn or B is used for positive active materialthe effect of this 
invention is acquired. 
[0021] 

[Example]Hereafteran example describes this invention in detail. 

[0022](Example 1) The section notch perspective view of the cylindrical shape cell used 
by this examplethe conventional exampleand the comparative example is shown in 
drawing 1 . In drawing I the negative electrode plate with which 1 attached the negative 
electrode lead board 2and 3 are the anode boards furnished with the positive electrode 
lead board 4. The negative electrode plate 1 and the anode board 3 are stored in the cell 
case 7 which serves as a negative pole terminal in the state where the electric insulating 
plate 6 has been arranged for the group of electrode spirally wound via the separator 5 to 
the upper and lower sides. The upper limb of the cell case 7 is sealed via the insulating 
packing 8 with the obturation board 9 which served as the positive pole terminal which 
provided The inside of the obturation board 9 is designed the flow of a positive 

pole terminal and the positive electrode lead board 4 lostand intercept the current from 
the outside if inter cell pressure exceeds 10 kg/cm 2 at 20 **. Hereafterthe manufacturing 
method of an anode board and a negative electrode plateetc. are explained in detail. 



[OO23jLiNio.8Coo.2O2 was used for positive active material. Firstweighing of nickel 
hydroxidecobalt hydroxideand the lithium hydroxide was carried out so that the atomic 
ratio of nickel:Co:Li might be set to 0.8:0.2: 1 .Oand it fully mixed with the ball mill. And 
this mixture was put into the crucible made from aluminaand heat treatment of 10 hours 
was performed at 750 ** into oxygen. And after natural air coolinggrinding and a 
classification were performed and it was considered as positive-active-material powder 
with a mean particle diameter of about 10 micrometers. Artificial-graphite powder 6 
weight section was added to this active material 100 weight sectionthe solution which 
dissolved the polyvinylidene fluoride (henceforth PVDF) as a binder in this mixture at 
the solvent of N-methyl pyrrolidone (henceforth NMP) was kneadedand it was made 
paste state. The quantity of added PVDF was prepared so that it might become four 
weight sections to active material 100 weight section. Subsequentlycoating of this paste 
was carried out to both sides of aluminium foiland after desiccationit rolled and was 
considered as an anode board 0.14 mm in thickness37 mm in widthand 380 mm in length. 
In production of an anode boardthe process of a kneading series or subsequent ones was 
performed in dry air. 

[0024]What heat-treated and graphitized the mesophase microsphere with a mean particle 
diameter of 6.0 micrometers at 2800 ** was used for the negative electrode. Styrene / 
butadiene rubber 3 weight section as a binder was mixed to this graphitization mesophase 
100 weight sectioncarboxymethyl cellulose solution was added and kneadedand it was 
made paste state. And coating of this paste was carried out to both sides of copper foiland 
after desiccationit rolled and was considered as a negative electrode plate 0.20 mm in 
thickness39 mm in widthand 420 mm in length. 

[0025] And the lead board was attached to the anode board and the negative electrode 
platerespectivelyand it wound spirally via a separator 0.025 mm in thickness45 mm in 
widthand 1000 mm in lengthand stored to a cell case 17.0 mm in diameterand 50 mm in 
height. 

[0026]Thenalthough it was an oxide to addthe solution which dissolved PVDF as a 
binder for SrO with a mean particle diameter of about 8 micrometers in the solvent of 
NMP by the same method as production of an anode board was kneadedand it was made 
paste state. Coating of this paste was carried out to one side of aluminium foilafter drying 
and rollingit pierced in a circle 8 mm in diameterand the aluminium foil side was welded 
[ of the obturation board ]. The thickness of the oxide layer was 0.08 mm including the 
thickness of aluminium foil. The fill ration of SrO was taken as 0. 1 millimols to the 
LiNio.8Coo.2O2l g which is positive active material. 

[0027]What dissolved 1 mol/1. LiPF 6 in the solvent which mixed ethylene carbonate 
(henceforth EC) and dimethyl carbonate (henceforth DMC) by the volume ratio of 20:80 
as an electrolyte was poured in the electrolysis solution. It was made not to contact the 
oxide layer which the electrolysis solution has arranged at the obturation board pars 
basilaris ossis occipitalis in that case. And after the electrolysis solution was fully 
absorbed by the group of electrodethe cell was obturatedit was considered as the 
completion celland 20 cells were produced as a cell of Example 1. 

[0028](Conventional example) Except itthe cell was produced completely like Example 1 
and 20 cells were produced as a cell of a conventional example without having arranged 
the SrO oxide in a fuel cell subsystem. 

[0029](Comparative example) Tales doses of SrO powder to Example 1 has not been 



arranged at the pars basilaris ossis occipitalis of an obturation boardbut it added in the 
fuel cell subsystem in the state where it mixed into the anode beforehand. Except adding 
SrO in this anodethe cell was produced completely like Example 1 and 20 cells were 
produced as a cell of a comparative example. 

[0030]And the charge and discharge test of the cell of these Examples la conventional 
exampleand a comparative example was done. Charge was considered as constant current 
voltage chargeand it charged to 4.2V by 630-mA constant currentand after 4.2V 
attainment is changed into constant potential chargeand charge ended it in 2 hours. 
Discharge performed 900-mA constant current dischargeand set discharge final voltage to 
2.5V. Capacity of 5 cycle deed and 3 cycle eye was made into initial capacity for such 
charge and discharge under the environment of 20 **. And the cell of the charging state 
was neglected to an 85 ** thermostat for 15 hours. It returned under the environment of 
20 ** after thatand the flow of the cell was measured. Thenabout the cell with a 
flowcharge and discharge were performed againand it was considered as the capacity 
after neglecting the capacity of 3 cycle eye. Since the security apparatus established in 
the obturation board 9 operated and the flow between an anode and a negative electrode 
was lost when inter cell pressure exceeded about 10 kg/cm 2 the rate in which the security 
apparatus operated by elevated-temperature neglect was searched for. The result was 
shown in Table 1 with the average value of initial capacity and the capacity after neglect. 
[0031] 
[Table 1] 



[0032]It measured about the cell by which the security apparatus did not operate about 
the cell capacity after elevated-temperature neglect. By the cell of Example lall the cells 
have a flow even after elevated-temperature neglectand it is shown that the security 
apparatus is not operating. That iswhen SrO which formed the gas emitted at the time of 
elevated-temperature neglect in the inside absorbedinter cell pressure is considered to 
have fitted below in a predetermined value. The cell capacity after elevated-temperature 
neglect is also as large as 938mAhand it turns out that the resultant of SrO has not had an 
adverse effect on a battery characteristic. On the other handby the cell of the conventional 
exampleby elevated-temperature neglectthe security apparatus is operating with the rise 
of inter cell pressureand 15 cells have lost the function as a cell. 14 cells in which the cell 
of a comparative example is also almost the same brought a result in which the security 
apparatus operates. Cell capacity is also in the tendency which becomes a little smalland 
is not preferred. In adding SrO in an anode and mixing from the above thingin order to 
acquire the effect of this inventionthe purpose cannot be attained but it turns out that it is 
important to arrange in a fuel cell subsystem so that direct contact may not be carried out 
to an electrode and an electrolysis solution. 

[0033]The cell of Example 1 and the same cell were produced ten cells independentlyand 
the overcharge examination was done by the constant current of 1 A. The security 
apparatus operated 1 8 minutes - 20 minutes afterwardand any cell intercepted the current 
from the outside. Ignition of a cella burstwhite smokeetc. were not seenbut battery 
surface temperature was about 50 **. That iseven if SrO exists in a fuel cell subsystemthe 
gas absorption at the time of overcharge has not happenedor it is expected that the speed 
is slowand it turns out that this invention is not what spoils the safety at the time of 



overcharge. 

[0034](Example 2) BaO was used instead of SrO as an oxide added in the cell of 
Example lthe cell which added the addition at a rate shown in Table 2 to 1 g of positive 
active material was producedand it was considered as the cell Athe cell Bthe cell Cthe 
cell Dthe cell Eand the cell Frespectively. Charge and discharge were performed like the 
cell of Example land elevated-temperature neglect of these cells was carried out by the 
charging state. The flow of the subsequent cell was measured and the result was shown in 
Table 2. 
[0035] 
[Table 2] 



[0036]By the cell Bthe cell Cthe cell Dand the cell Ethe security apparatus does not 
operate but the effect of this invention is acquired by each. Howeverby the cell A with as 
few additions as [ 0.03 millimols ]the security apparatus of the more than cell of about 
half one is operatingand it turns out that control of inter cell pressure is insufficient. 
[0037]The cell on which the security apparatus operated in part also by the cell F with 
most additions as 0.25 millimols on the other hand was seen. Since the volume of added 
BaO became largethe volume of voids in a cell becomes extremely smalland this is 
considered that the direction of the climbing speed of inter cell pressure became quickand 
the security apparatus has operated rather than the gas absorption reaction. From these 
resultsit can be said that it is important that they are 0.04 millimols - 0.20 millimol per 1 
g of positive active material as a quantity of the oxide to add. 

[003 8] Although LiNio.8Coo.2O2 was used for positive active material in Example 1 and 
Example 2The same effect was acquired also when the solid solution and LiCo02 which 
began L1MO2 and replaced some nickel by aluminumor Mn or B as other elementsand 
LiMn 2 04 were used. This invention can apply a lithium containing transition metal oxide 
to the nonaqueous electrolyte secondary battery used for the anode. 
[003 9] Although what graphitized the mesophase microsphere was used as a negative 
electrode When what other carbon materialsfor examplean artificial graphitecorks and 
carbon fiberetc. carry out occlusion of the lithiumsuch as a metallic oxideor they may 
emita lithium alloyand a lithium metal are usedlithium can be applied to the nonaqueous 
electrolyte secondary battery used as the active material. 

[0040]The same effect was acquiredalthough SrO or BaO was used as an oxide to addand 
there was a difference of some of cell capacitance characteristics also when MgO or CaO 
which is other oxides was used. 

[0041] Although it is an electrolysis solutionand the mixed solvent of EC and DMC was 
used for the solvent in this exampleAs other solventscyclic carbonatesuch as propylene 
carbonate and butylene carbonate. Publicly known thingssuch as ethersuch as chain 
carbonatesuch as diethyl carbonate and ethyl methyl carbonate 12-dimethoxyethaneand 2- 
methyltetrahydrofuranare all independentor it is usable as a mixed solvent. It is usable in 
publicly known thingssuch as LiBF 4 and LiC10 4 also about a solute. 
[0042] 

[Effect of the Invention]As mentioned aboveaccording to this inventionwhen a battery 
characteristic is satisfied and a cell is neglected by the elevated temperature in a charging 
statethe rise of inter cell pressure is controlled and the advantageous effect of not making 



the function as a cell lose is acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The section notch perspective view of the cylindrical shape cell used by this 
examplethe conventional exampleand the comparative example 
[Description of Notations] 

1 Negative electrode plate 

2 Negative electrode lead board 

3 Anode board 

4 Positive electrode lead board 

5 Separator 

6 Electric insulating plate 

7 Cell case 

8 Insulating packing 

9 Obturation board 



